Research using low frequency atmospheric pressure plasma jets (LF jet) is becoming increasingly more common. We carried out experiments to evaluate the sterilizing effects of this technology on oral pathogenic microorganisms (S.mutans, C.albicans and E. faecalis) and to determine its potential for clinical application. We performed the direct exposure test on a solid surface, indirect exposure test on a liquid phase, and ROS (reactive oxygen species) inhibitory test. The results showed the LF jet had microbicidal effects on oral pathogens, and that the ROS influenced this sterilization effect. The experiments of this study revealed that LF jet had a sterilizing effect on oral pathogenic microorganisms present in both the solid and liquid phases. The sterilizing mechanism was considered to be related to the effect of superoxide anion radicals. These results indicate that LF jets may represent a novel technology that can be applied to the field of clinical dentistry.
INTRODUCTION
It is important to practice the concept of minimal intervention in clinical dentistry, according to FDI (Fédération Dentaire Internationale), in order to minimize the removal of hard tissues during tooth restoration 1) . A caries detector solution, which selectively stains only the caries affecting dentin, is being used in clinical dentistry to differentiate carious dentin from sound hard tissue. Despite this technique, it has been reported that some bacteria remain inside the dentinal tubules, even after removal of the stained dentin [2] [3] [4] , and these remaining bacteria may subsequently lead to secondary caries 5) . Furthermore, it has been reported that the success rate of root canal treatment is about 80%, apparently due to incomplete intra-canal sterilization and obturation [6] [7] [8] . Hence, in order to obtain better results with caries and root canal treatment, it is necessary to invent new methods that can completely sterilize the infected dental tissues. Recently, owing to numerous improvements in technology, the generation of plasma under atmospheric pressure has become possible, and LTAPP (low temperature atmospheric pressure plasma) has especially started to attract attention. For plasma-based sterilization, the gas used itself does not have any sterilizing effect, but when the gas changes to a plasma it obtains the properties that allow it to sterilize the substances that it touches 9) . However, only a few studies 10, 11) have been performed to examine the sterilizing effects of plasma in the dental field. Moreover, some problems of LTAPP has been pointed out. For instances, thermal damage was observed on dentin surfaces due to increased local temperatures which reached as high as 50°C, and was also pointed out that further irradiation of plasma on the dentine may lead to drying, cracks and damage to dentinal tubules, including odontoblasts and pulp tissue. Newly developed low frequency atmospheric pressure plasma jets (LF jet), a type of LTAPP, is not in equilibrium in regard to both time and space. Since the temperature of the main gaseous component, Helium (He), is similar to that of room temperature, it was presumed that this plasma could be suitable to use in an oral environment. Kitano et al. 12, 13) developed a technique where they demonstrated that when an LF jet was applied to liquid with as pH below 4.7, it exerted an obvious sterilization effect on E.coli. The purpose of the present in vitro basic study using representative Streptococcus mutans, Candida albicans and Enterococcus faecalis oral pathogens was to evaluate the sterilizing effects of LF jets in order to consider their possibility for clinical application.
MATERIALS AND METHODS

Plasma system
The experiments in the present study were conducted using a plasma sterilization apparatus, research prototype model (The Yoshida Dental Mfg. Co. Ltd, Tokyo, Japan). Our experiments were performed with the plasma injection system shown in Figure 1 . The main features of this apparatus are as follows: Gas: Helium, Flow rate of Helium gas: 2.00 L/min, High voltage(HV):
Microbicidal activities of low frequency atmospheric pressure plasma jets on oral pathogens 7 kV, Low frequency(LF): 16 kHz, inner and outer diameters of the glass tube, 4 mm and 2 mm, respectively. The tip of the tube that spews the plasma jets was located approximately 20 mm above the agar and liquid surface. The diameter of the plasma plume at the point of contact with the liquid surface was set to 1 mm.
Tested strains of microorganisms and their culture conditions
We used 3 types of oral pathogenic microbes Streptococcus mutans (ATCC25175 strain), Candida albicans (ATCC18804 strain), Enterococcus faecalis (ATCC19433 strain), which were stored frozen at −80°C in the Department of Oral Microbiology, Tsurumi University School of Dental Medicine. After thawing, the microbes of S.mutans and E.faecalis were anerobically cultured in 3 mL of brain heart infusion broth (Becton Dickinson and company, MD, USA) (BHI) in an anaerobic chamber (Sanyo, Osaka, Japan) overnight at 37°C. After this procedure, 100 µL of these cultures were inoculated into 10 mL of BHI cultured aerobically for 6 hours at 37°C. Then another 10 µL was transferred to 10 mL of BHI and cultured overnight aerobically with shaking. After culturing C. albicans on Sabouraud dextrose agar (Nissui, Tokyo, Japan) aerobically for 2 days, colonies were taken from the surface using an inoculation loop and suspended in 10 mL of 5% dextrose anhydrous added to tryptic soy broth (Becton Dickinson and company, MD, USA) (TSBD) and cultured aerobically at 30°C for 2 days while shaking.
Sterilization test
(1) Test of inhibitory zones on agar plates We used three oral pathogenic microbial strains (S.mutans, C.albicans and E. faecalis). After plating 100 µL of each microbial suspension onto the agar plate, the surface was dried lightly. The glass tube was arranged at right angles to the surface of the agar plate and then plasma was irradiated from a distance of 20 mm from the tip of glass tube, which correspond to 1 mm of plasma jet at the contact point with the agar surface. Tested plasma exposure times were 10, 20, 30, 60, 120 and 180 seconds, and for the control, the exposure 10 seconds. For each exposure time, we tested 7 samples. After plasma irradiation, each oral pathogen was cultured on agar plates and then evaluation was performed after measuring the diameters of inhibitory zones, confirmed on the agar plates. (2) Plasma irradiation of microbial suspensions in the liquid phase One mL of each microbial suspension was centrifuged at 7,000×g (15,000 rpm) at 4°C for 3 minutes, and the resulting supernatant was removed from the precipitate. Thereafter, the precipitate was washed with 1 mL of sterile distilled water followed by centrifugation, which was repeated twice, then the pellet was diluted to 10 5~1 0 6 CFU/mL. In each well of 24 well plates (As One, Osaka, Japan), 50 µL of each microbial suspension was added to 450 µL of citrate buffer (2.0 mM, pH3.5,4.5 or 6.5) making a total volume of 500 µL and a height of 2.5 mm. The suspensions were irradiated for 0(control), 1, 2, 3 and 5 minutes with the plasma, and there were seven samples per group. After irradiation, 100 µL of the suspension of each well with or without appropriate dilution to provide 30-300 colony forming unit (CFU) per plate was plated on the agar plates and cultured for 2 days. The number of live cells after plasma irradiation was determined by the CFU assay. The minimum detection limit of the CFU assay in this study was 10 CFU/mL. The D value was identified as the time required to achieve 1/10 reduction of the initial numbers which was above the minimum detection value when the plasma was irradiated. (3) Test for anti-candidal effect of plasma irradiation depending on depth of liquid phase C. albicans was used to test the depth of irradiation. The preparation of pre-cultures was conducted in the same manner as described in (2) . As for the 2.5 mm group, 50 µL of the microbial suspension was added to 450 µL of citrate buffer (2.0 mM, pH3.5) adjusting the total volume per well to 500 µL. For the 5 mm group, the height was increased to 5 mm by doubling the volume of microbial suspension (1,000 µL) without changing its concentration. For each group, the plasma was irradiated for 7 samples for 5 minutes, whereas 7 samples were not irradiated as controls. The number of live cells after plasma irradiation was determined by the colony forming unit (CFU) assay described in (2) . (4) Test for bactericidal effects on the biofilm in the liquid phase S. mutans was used as the test bacterium. Two mL of pre-cultured bacterial suspension was vortexed with 20 mL of 4% saccharose added tryptic soy broth (TSBS), and then 150 µL of this was distributed to 96 well plates, which were incubated aerobically, in order to allow formation of biofilms, at 37°C for 24 hours in a rotary shaker (Bio-Shaker, BR-300LF, Taitec, Saitama, Japan).
After removing the supernant, the biofilms were washed 2 times with sterile water followed by addition of 200 µL of 2.0 mM citric acid buffer (pH already adjusted to 4.5 and 6.5) to 96 well plates. Since this experiment was designed to evaluate the influence of different pH values in a step by step manner, buffer solutions could not be used for washing. Therefore, sterile water was used to wash the biofilms. The cell wall of gram positive bacteria/ candida species is resistant to the influence of osmotic pressures, facilitating the use of this method. Tested plasma exposure times were 1, 2, 3 and 5 minutes, whereas the control was not irradiated with plasma. For each exposure time, we tested 7 samples. After discarding the supernatant from the 96 well plates after irradiation, the biofilm was washed with sterile water. This was followed by the addition of 100 µL of RPMI 1640 broth② ® (Nissui, Tokyo, Japan) to which alamar Blue ® (TREK Diagnostic Systems, CA, USA) as the redox indicator was added according to the manufactures instruction. Biofilms in 96 well plates were incubated aerobically at 37°C for 5 hours, and the fluorescence was measured with a CYTOFLUOR TM II Fluorescence Multi-Well Plate Reader (Perseptive Biosystems, MASS, USA) using a wavelength of Ex: 530 nm, Em: 590 nm. The fluorescence was measured two times; immediately after the addition of a redox indicator (0 hours) and 5 hours after incubation. (5) ROS (reactive oxygen species) inhibition test E. faecalis was used in the ROS inhibition test, and the preparation of pre-cultures was carried out in the same way as described in (2) . Superoxide dismutase (SOD) was employed as the ROS inhibitory agent (obtained from bovine erythrocytes, Mp Biomedicals Inc, Ilkirch, France). Bovine serum albumin (BSA) (Wako pure Chemicals, Osaka, Japan), which does not have any activity (neutral), was used as control 1, and sterile water (DW) was used as control 2. To 2.0 mM of citric acid buffer (pH4.5), the E. faecalis suspension and SOD (40 µg/mL) or DW or BSA (40 µg/mL) were added to make the final volume 500 µL. The tested plasma exposure times were 0, 1, 2, and 3 minutes. For each exposure time, we tested 7 samples. The number of live cells after plasma irradiation was determined by the colony forming unit (CFU) assay.
Statistical analysis
The results obtained were statistically analyzed using the SPSS14.0J software package (SPSS, Tokyo, Japan).
The differences among groups were tested via the Kruskal-Wallis non-parametric test, and the differences between the control and each experimental group were tested using the Mann-Whitney U test. The significance level was set at p<0.001.
RESULTS
Test of inhibitory zones on agar plates
The sterilization effect brought about by the direct application of the LF jet on the microorganisms present on agar plates is shown in Fig. 2 . For each oral pathogenic microorganism tested, a time-dependent increase of the inhibitory zone was observed. For S. mutans and E. faecalis, when compared with the values at seen at 10 seconds, a significant difference was observed at 30, 60, 120 and 180 seconds whereas C. albicans showed a significant difference between plasma application for 10 seconds and for all other time periods, i.e. 20, 30, 60, 120 and 180 seconds (p<0.001).
Plasma irradiation of microbial suspensions in the liquid phase
As shown in Fig. 3 , compared with the control of no-irradiation samples at pH6.5, there was no statistical difference at 1 and 2 minutes, whereas at 3 and 5 minutes a significant reduction of the survival of S. mutans (p<0.001) was noted. Plasma irradiation after adjusting Fig. 2 The growth inhibitory zone forming assay.
The asterisk show significant differences between the different time periods and the control (10 sec exposure) group (*p<0.001). n=7/group. the pH to 4.5 resulted in, the survival of microbes being reduced to the detection limit (10 CFU/mL) after a one-minute plasma irradiation, and in comparison to the control, all time periods showed a significant difference (p<0.001). All S. mutans bacteria were killed when the pH of the suspension was adjusted to 3.5 before plasma irradiation. The results for E. faecalis are shown in Fig.  4 . After irradiation from 2 to 3 minutes at pH6.5, there was a gradual (but not significant) reduction in viable cells compared to the control, but a 5-minute irradiation resulted in a significant reduction (p<0.001). No viable cells could be detected at pH4.5 or 3.5, for 2 and 3 minute irradiation times. When compared with the control, there was a significant difference for irradiation times from 1 to 5 minutes (p<0.001). For E. faecalis, the D values at pH3.5, 4.5 and 6.5 were calculated to be 0.30, 0.47 and 2.00, respectively. The results for C. albicans are shown in Fig. 5 . While there was no significant difference in the number of living C. albicans at pH6.5, a significant reduction was observed at pH4.5 after a 5-minute irradiation (p<0.001), and at pH3.5 after 3 minutes and 5 minutes of irradiation, the number of remaining microbial cells was reduced below the detection limit.
Test for anti-candidal effect of plasma irradiation depending on depth of liquid phase
The results of the test for the depth of irradiation are shown in Fig. 6 . C. albicans was used as the subject microorganism. Five-minute irradiation led to a reduction in the microbial counts in both the 2.5 mm and 5 mm depth groups, but these reductions were most prominent at the 2.5 mm depth (p<0.001).
Test for bactericidal effects on the biofilm in the liquid phase As the bactericidal effect of the plasma on S. mutans in suspension was confirmed in experiment (2), the biofilms of S. mutans in the liquid phase was tested. After forming biofilms of S. mutans at the base of 96 well plates and then replacing the medium with buffer solution, samples were irradiated with the plasma. Subsequently, the activity of living bacteria was detected by changes in the fluorescence level emitted by a redox indicator 14) . After irradiating the cultures for 2, 3 and 5 minutes at pH4.5, the microbial activity was observed to have significantly decreased (p<0.001) (Fig. 7) . In contrast, at all irradiation times at pH6.5, there was no bactericidal effect because the respiratory activity of S. mutans could still be detected.
ROS inhibition test
Because we predicted the microbicidal effect of plasma was caused by ROS production, ROS inhibition test was carried out. As shown in Fig. 8 , when compared to the controls (BSA and DW), plasma irradiation for 3 minutes resulted in a reduction in E. faecalis to the detection limit (10 CFU/mL). In contrast, with SOD, the viable count was still 10 3~1 0 4 CFU/mL after a 3-minute irradiation. There were significant differences in the viable microbial counts between the SOD and BSA/DW groups after 2 and 3-minutes of irradiation (p<0.001).
DISCUSSION
Although it is necessary to carry out dental treatments under sterile conditions in any case, it is difficult to eliminate contamination of saliva with oral microorganisms. Therefore, there is a need to develop intraorally applicable sterilization techniques. LTAPP appears to represent such a technique. In contrast to conventional plasma, the newly developed LTAPP's He gas is at room temperature, and the LF jet can even be touched with a finger without any burns. As the oral cavity is a moist environment, the plasma must be able to disinfect the microorganisms under challenging conditions. In this study, we evaluated the efficacy of plasma on disinfection of microorganisms in the liquid phase and considered the possibility of applying the technique for clinical use.
Test of inhibitory zones on agar plates
There have been reports on the effectiveness of other plasmas for disinfection of microorganisms by using tests of inhibitory zone assays on agar plates 15) . In the present study, first we performed this test to determine whether the newly developed plasma would be capable of giving a similar result. The spot diameter of the plasma at the point of contact with the agar plate was set to 1 mm. After irradiating the samples with plasma for 10 seconds, an inhibitory zone of 1 mm for each type of microorganism was obtained (Fig. 2) . This demonstrates that the LF jet, when directly applied, is capable of rapidly sterilizing microorganisms present on the agar plate. This result showed a similar or better inhibitory effect than the previous report by Chunqi et al. 15) , and the inhibitory zone expanded from the initial point of irradiation to the surrounding area in a time-dependent manner during LF jet irradiation. This sterilization effect may have been caused by the ions and electrons that are present in plasma or else through some kind of reactive species generated when plasma reacts with O2 and N2 of the surrounding air.
Plasma irradiation of microbial suspensions in the liquid phase
Plasma irradiation of microorganisms in suspension is assumed to simulate plasma application to the oral cavity, where a liquid barrier intervenes between oral pathogens and plasma. With conventional plasma, plasma ions, electrons and active species are thought to be absorbed into this liquid barrier and therefore, the range of sterilization achieved by plasma is limited. There were also many disadvantages with the older plasma-generating equipment, such as the use of a high voltage pulse, stream electrical discharge, or Arc electrical discharge 16) . These plasmas had drawbacks in that they provided an inhomogeneous discharge configuration and they raised the local temperatures 16) , making them unsuitable for use in a liquid environment. Generally, direct irradiation with these plasmas was able to sterilize microbes; however they were not very effective against the microorganisms present in the liquid medium. In contrast, the newly developed plasma equipment, which the present study employed, emits plasma at room temperature, and can therefore be used without inducing burns in nearby tissues 12) . In this study, plasma was applied to 24 well plates, each of which contained 500 µL of microbial suspension. Even after applying the plasma for 5 minutes, which was the longest duration of plasma irradiation, there was no evaporation of the suspension liquid. This result confirmed that the plasma worked at a low temperature. The present study also demonstrated that the plasma had a sterilizing effect on microbial suspensions with pH controlled in an acidic condition (Figs. 3-5 ). When the same experiment was carried out in uncontrolled pH without adding buffer, the sterilizing effect of plasma was not observed. While the experiment was conducted Fig. 7 The number of live S. mutans in biofilms after plasma exposure. The asterisk shows a significant difference compared to the control (0 min exposure) group (*p<0.001). n=5/group. Fig. 8 The effects of LF jet irradiation time and SOD on the sterilization activity against E. faecalis. The asterisk indicates a significant difference between the DW and BSA groups (*p<0.001). n=7/group. under pH3.5, 4.5 and 6.5, S. mutans did not survive at pH3.5. Moreover, under non-irradiated conditions, there were no significant differences in the number of, E.faecalis and C. albicans at any of the pH values tested (Figs. 3-5 ). Therefore, it was presumed that the sterilization effect was not due acidity, rather to some kind of plasma generated reactive species which may have diffused to all parts of the liquid solution. The D value is defined as the time taken to decrease the surviving microbes to 1/10 from the original concentration. When calculating the D value, data related to the detection limit and the shoulder are generally not included. Therefore, in this experiment the data for E. fecalis was used. From Fig. 4 , the D values at pH3.5, 4.5 and 6.5 were calculated as 0.30, 0.47 and 2.00, respectively. Judged from the difference of these D values, the sterilizing effect of plasma was intensified when the pH was set below 4.5, which may imply there is pH dependent sterilization effect through the action of reactive species 13) .
Test for anti-candidal effect of plasma irradiation depending on depth of liquid phase
This test was carried out with 2 volumes, 1,000 µL and 500 µL, of microbial suspensions having similar concentrations with heights of 5 mm and 2.5 mm, respectively. Since the results showed that there was a significant difference after the 5-minute plasma application (Fig. 6 ), the additional volume may have acted as an intervening layer absorbing the reactive species generated in the surface layers and preventing them from reaching the microorganisms below. A sterilization effect was observed even after increasing the volume of the solution by 2 times, thus indicating that the radicals with a longer life span may still have reached the deeper layers (Fig. 6) . While the aforementioned effect was obtained with a 5-minute irradiation time, we would expect that a stronger sterilizing effect would be obtained by changing the plasma irradiation conditions, namely the internal diameter of the glass tube, He volume, and voltage.
Test for bactericidal effects on the biofilm in the liquid phase
Various oral microorganisms in dental plaque form biofilms in the mouth that are attached to surfaces such as the teeth, buccal mucosa, gingival crevice, tongue and the root canals 17) . In this study, we used S. mutans, which produce insoluble glucan when shaken and incubated in a TSBS solution. After forming biofilms of S. mutans at the base of 96 well plates and then filling the plates with buffer solution, the samples were irradiated with plasma. Subsequently, living bacteria were detected using changes in a redox indicator generating fluorescence. After 2, 3 and 5 minutes of irradiation (Fig. 7) , the respiratory activity was significantly reduced at pH4.5, confirming the sterilizing effect of plasma irradiation. In contrast, at pH6.5 at all irradiation times, respiratory activity of bacteria was still detected, indicating no sterilizing effect. These results indicate that the sterilizing effect of plasma for biofilms tend to be lower than that for planktonic microorganisms. It is generally thought that antibiotics or disinfectants are not effective against biofilms because they cannot permeate the extracellular polysaccharide (insoluble glucan) layer by which biofilms are covered. Nevertheless, the present study confirmed the sterilizing effect of plasma irradiation on biofilms at pH4.5 indicating that reactive species may have penetrated the surface and exerted their effect on microorganisms present in the deeper layers of biofilms. It is presumed that the metabolism of microorganism present in the deeper layers of biofilms may be relatively weak due to the lack of nutrients, as well as the accumulation of metabolic waste products. In order to test if the redox reading had given a correct assessment of the sterilizing effect in this deeper layer, we measured the respiratory activity after incubating the cultures for 5 hours. Since there was no respiratory activity, it was assumed that plasma also had a sterilization effect on the microorganisms in the deeper layers (Fig. 7) . The present study employed only S. mutans biofilms. In future studies, it will be necessary to evaluate the effects of plasma on biofilms taken from dental plaque, which consist of many different oral microorganisms.
ROS inhibition test
Plasma has been reported to generate reactive oxygen species which may bring about microbicidal effects 13) . Based on the results of the test for inhibition zones on agar plates and the sterilization of planktonic microorganisms in suspension, we presumed that some kind of reactive species produced from the air or water by the plasma may have caused the sterilization. ROS exist in many forms; the hydroxyl radical (OH•), hydroperoxy radical (HOO•), superoxide anion radical (O2 − •) or hydrogen peroxide (H2O2). Of these, OH• and O2 − • have been reported to have the ability to inactivate the microorganisms 18) . O2 − • has a longer life span (average life span: 5 s at 1.0×10 −6 M) which allows it to diffuse in all directions in the liquid medium 19, 20) . In contrast, although OH• is said to have a strong sterilizing ability, its reaction speed is slow and its life span is shorter (200 µs at 1.0×10 −6 M), which leads to weak diffusion in liquid media 21) . To inhibitory the activity of O2 − •, in this study, we used SOD, a known as a scavenger of O2 − •, (and BSA as the control, both having similar concentrations). The results indicated that the numbers of microorganisms in the media containing BSA and DW decreased markedly on plasma application, whereas when SOD was added, the samples showed a reduced sterilizing effect (Fig. 8,  p<0 .001). Even after addition of SOD, decreasing numbers of surviving bacteria could be detected after 2-3 minutes of plasma application. This may be due to the fact that SOD is unable to scavenge the large amounts of O2 − • generated during plasma irradiation. This result demonstrated that O2 − •s was closely related to the sterilizing effect of the plasma. Furthermore, O2 − • binds with H ions in aqueous solutions to form HOO•. As this radical is neutral, it is capable of passing through the cell membranes easily and is considered to have better sterilizing effects than the O2 − • radical 22) . O2 − • and HOO• are thought to be in equilibrium as shown in the following equation 22) .
These radicals are in equilibrium when the pKa value is 4.8. It follows that when the pH is lowered below 4.8, the reaction will progress in the left direction leading to the formation of more HOO•. As shown in our results, plasma application to a liquid with a pH below 4.5 had strong sterilizing effect, which may have resulted from the strong action of HOO• radicals formed in the acidic environment (Figs. 3-5 ).
There is a close relationship between dental treatment and oral microorganisms, and microorganisms are the main cause of oral diseases 23) . Therefore, efforts are being made to reduce their numbers. This has become a major topic in dental treatment and various methods have been examined [24] [25] [26] . With further advances in plasma technology together with the recent availability of low-temperature and atmospheric pressure stable equipment, the potential for applications of plasma even in the field of clinical dentistry have been increased. The LF jet is flexible and it can be changed to various shapes and sizes, producing thin (50 µm-50 mm) or, long (50 mm-60 mm) jets, depending on the size of the glass tube and flow rate of the He gas. Therefore, the LF jet is capable of being applied to many dental treatments while maintaining a low temperature 12) . Further investigations using natural teeth are needed to obtain further evidence of the sterilization effect of the LF jet, before clinical application of this newly developed technology can be attempted. In the past, various methods such as laser, high frequency electrical pulses and iontophoresis have been developed in an attempt to sterilize microorganisms [24] [25] [26] . The favorable results of the present study therefore indicate that the newly developed LF jet have a great potential for being used in the field of dental treatment.
CONCLUSION
The major findings of the present studies of the sterilization effect of low frequency atmospheric pressure plasma jets against oral pathogenic microorganisms are as follows:
1. The plasma jet was effective in sterilizing all three oral pathogenic microorganisms that we examined on agar plates. 2. As for the planktonic microorganisms in suspension, the sterilization effect became prominent below pH4.5, and there was pH dependent sterilizing effect. 3. It was demonstrated that the sterilization effect was due to ROS (O2 − • and HOO•) because addition of SOD inhibited the sterilization of microorganisms in suspension. 4 . Sterilization effect was demonstrated for both heights of the solution; 2.5 mm and 5 mm, although the plasma-mediated sterilization was more effective for the shallower media. 5. There was time dependent sterilization effect for biofilms when the pH of the buffer solution was set at 4.5.
